Several explanations can be offered for the unbalanced growth of U.S. regional manufacturing industries in the decades after World War II. The convergence hypothesis suggests that the success of the South in catching up to the Northeast and Midwest should be understood by analogy with the economic success of Japan and the rest of the 0-7 in closing the gap relative to the U.S. as a whole. Endogenous growth theory, on the other hand, assigns a central role to capital formation, broadly defined. A variant of endogenous growth theory focuses on investments in public infrastructure as a key determinant of regional growth. Finally, traditional location theory stresses the evolution of regional supply and demand and the role of economies of scale and agglomeration. This paper compares these alternative explanations of U.S. regional growth by testing their predictions about the productive efficiency of regional manufacturing industries. We find little evidence that technological convergence explains the regional evolution of U.S. manufacturing industry, or that endogenous growth was an important factor. We also find little evidence that public capital externalities played a significant role in explaining the relative success of industries in the South and West. The main engine of differential regional manufacturing growth over the period 1970-86 seems to be inter-regional flows of capital and labor. The growth of multifactor productivity is essentially uniform across regions, although there is some variation in the initial levels of efficiency.
I.
Introduction
The American South started the post World War II era as the poorest region of the country. Per capita disposable income was less than 70 percent of the national level and the South produced less.than 13 percent of national manufacturing output at that time. However, during the ensuing 40 years, the South grew much faster than the most of the rest of the nation. As a result, incomes in the South are now 90 percent of the national average and the South now produces 22 percent of all manufacturing output.
Several explanations have been offered for this pattern of unbalanced regional growth. The convergence hypothesis postulates an inverse relationship between the rate of economic growth and the initial level of economic activity (Barro and Sala-1-Martln 1991, Holtz-Eakin 1991) .1 In this view of growth, backwardness pj se implies a potential advantage that can allow lagging regions to catch up to the leaders. Applied to the U.S. , the convergence hypothesis suggests that the success of the U.S. South in catching up to the Northeast and Midwest should be understood by analogy with the economic success of Japan and the rest of the G-7 in closing the gap relative to the U.S. as a whole.
Endogenous growth theory, on the other hand, assigns a central role to capital formation, which Is broadly defined to include physical, human. infrastructure, and knowledge capital.2 The rate of growth of any region depends on the rate of time preference relative to the marginal productivity of capital, which is assumed to exhibit constant returns to scale Instead of diminishing returns as in previous neoclassical models. The larger the wedge between the time rate of discount and the return to Investment, the more rapid the rate of growth. When applied to U.S. regional growth, this framework suggests that the lagging economic performance of the South was due to inadequate capital formation, and the subsequent boom to an increase In the rate of investment. The work of Garcia-Mila and McGulre (1987) , Aschauer (1989) , Munnell (1990) , and Morrison and Schwartz (1992) focuses particular attention on the role of public investment as a determinant of U.S. regional growth performance.
In contrast to these two explanations, traditional location theory stresses the evolution of regional Supply and demand and the role of economies of scale and agglomeration, combined with nation-wide factors like technological change, aggregate savings, and population growth, as the determinant of regional location and growth. The recent paper by Krugman (1991) shows that the location of manufacturing activity can be concentrated or dispersed among regions depending on the relative strengths of scale economies, regional demand, and transport costs. This paper compares these alternative explanations of U.S. regional growth by testing their predictions about the productive efficiency of regional manufacturing industries.3 Using 1970-i986 data from the Census and Annual Survey of Manufactures for the nine Census divisions of the U.S. and national data from the Bureau of Labor Statistics and Bureau of Economic Analysis, we estimate the level of multifactor productivity (MFP) in each region. We then test for technological convergence and endogenous growth effects associated with infrastructure externalities and increasing returns to reproducible inputs, against the prediction of conventional regional theory that the growth rates of technical efficiency are the same across regions (i.e., that any differences in efficiency levels are region-specific and constant over time). This test has the collateral effect of addressing the actively debated question of whether or not public capital has a strong impact on manufacturing productivity.
II. Test1n the Alternative Models
Our tests of the competing theories are derived from the assumption that there is a Hicks-neutral production function for manufacturing industry within each region. We assume that manufactured goods in region I in year t, are produced using privately owned capital Kit. labor Lit. intermediate Bit].
Our specification of the public capital variable follows Meade (1952) and Berndt and Hansson (1991) differentials. Applied to regional growth within the U.S. , this variant of the convergence model assumes that technological backwardness is an important source of lagging economic performance, and focuses on diffusion of technology as a process through which regional disparities are reduced or eliminated.
The technological convergence formulation assumes that regional technologies exhibit initial differences in the level of technical efficiency in some base year, A10, and that the gap between the level of efficiency In any region i and the level of technical efficiency in the most advanced region, Aot closes with a speed of convergence 0: (2) in Ait -in A10 = (1(10)t)(1 Aot_ in Arn).
In (2), the growth rate of Ait exceeds that of the leader, but the two converge over time. This provides the lagging region with an extra Impetus to output growth.
If the pattern of regional growth is influenced by (2), we should observe that regional rates of technical change. Xi, estimated from (1) should vary inversely across regions according to the initial level of efficiency, A10.
On the other hand, if the A1 do not vary across regions there is no possibility of convergence and either the fl. must be zero or the initial levels A10 must be equal. In either case, technological convergence cannot be adduced as an explanation of regional growth differentials In U.S.
manufacturing Industry.
B.
Endogenous Growth Models
The endogenous growth literature has two principal branches: the "AK' model developed by Rebelo (1991) and the externality-increasing returns model of Romer (1986) and Lucas (1988) . Both emphasize the importance of increasing returns to scale generated by reproducible capital inputs and both predict noriconvergent rates of growth. In the 'AK model, constant returns to capital input is imposed directly and growth differentials depend on the wedge between the marginal product of capital A1 and the rate of time discount p1. To explain regional growth patterns, each region must be treated as a separate economy with its own Ai and p1. Regional differences in marginal products may occur because of locational advantages, differences In region specific capital, or region specific externalities generated by capital. Regional differences In the propensity to invest that are driven by differences in the propensity to save (p1) are more difficult to rationalize in an economy which Is open to capital flows, but this is a problem common to many growth models, Including Solow-type convergence models. 
L1
If a.+ f3 equals one, private producers perceive that production takes place under constant returns to scale and a competitive equilibrium may be established. However, because public capital enhances production and because it is proportional to private capital, the true elasticity of output with respect to capital is a1+ s',, and there are increasing returns to scale (the further restriction a1+ = I yields the "AX" model).
The endogenous growth formulation of technology (3) is clearly a special case of the production function (1), in which F'1(') has the Cobb-Douglas form, disembodied technical change A is zero, and the direct and indirect effects of public capital are collapsed Into the parameter i. Public capital enters the production function of manufacturing Industries mainly as a service purchased from other sectors (e.g. , transportation services are reflected In and thus the direct contribution of Bit is of minor importance.6 In this case, tests of the parameter are equivalent to tests of the endogenous growth model. In conjunction with tests of Increasing returns to scale.
C. Location Theory
Location theory does not have the kind of analytical unity that characterizes the two convergence and endogenous growth hypotheses (see, for example, Krugman 1993).
It is hard to formalize a parametric test of the theory," so we will only observe that location models typically put more emphasis on regional or spatial factors, increasing returns to scale (i.e., agglomeration economies), etc. There is no reliance on regional differences in technology as an explanation of growth differentials except. perhaps, those introduced by differences in industry mix across regions. This leads to the expectation that the manufacturing production function for each region should have the same degree of technical efficiency, or A = Ait = .
= in each year t. We can test this hypothesis using the parameters of (1), since a common technology implies A00 = A10 = .. = A. and the equality of the technical change parameters. A1. And, as shown below, we can also test for increasing returns to scale.
III.
The Sources of Growth Framework
Since our tests of the competing models primarily Involve the efficiency term in the production function, it is unnecessary to estimate all of the parameters of the structure of production. Instead, the relevant tests can be based on a two stage procedure that makes use of nonparametric index number techniques. The first step involves the computation of the Solow residual under the assumption that public capital has no effect on private output growth.7 The continuous time version of the Solow residual has the form:
where hats over variables denote rates of growth and the are income shares.
In practice, the rate of productivity growth is estimated by replacing logarithmic differentials with differences In successive logarithms and using average shares: (5) ln At -in Ati = in
This approximation places only weak restrictions on the functional form of the underlying production function (Diewert 1976 ) and, in particular, is not restricted to the Cobb-Douglas form.
However, Hicks-neutral technical change is assumed (Hulten 1973) . Each term in (5), except the growth rate of the Solow residual, can in principle be measured directly, and the growth rate of the technology Index can thus be estimated as a residual. Jorgenson and Nishimizu (1978) , Denny, Fuss, and May (1981) , and
Christensen, Cummings, and Jorgenson (1981) After calculating the regional Solow level index numbers using equation (6), we then link measured productivity to the technical efficiency terms in the underlying production function (1) in the second stage of the analysis.
The true growth rate of efficiency is derived from (1) and equals L (7)
is the elasticity of output with respect to Input X. Equation (8) relates the growth of the Solow residual to its component elements and forms the empirical basis for our test of the various theories of regional growth (variants of (8) are also the basis for the marginal cost mark-up model of Hall (1988) and the externality model of Caballero and Lyons (1990a, 1990b) . However, since the convergence hypothesis involves the level of technical efficiency rather than its growth rate, one final step Is needed to complete the second stage our analysis. By assuming that , c, c1, and A. are constant over time, we can integrate (8) over time to obtain9 (9) ln At = in A0 + A1t
The various hypotheses discussed above are special cases of this equation, and we will therefore use the stochastic version of (9) in the empirical work presented below. 10 IV.
Data
The data needed to estimate the parameters of equation (9) are described in full in our earlier papers (Hulten and Schwab 1984, 1991) . Our analysis is restricted to manufacturing industries. Most of our regional data were This introduces a potential bias in our results, since any error in the price deflator translates directly into an error in measuring real output and thus into an error in measuring the left hand side of (9)•hl Our data on public capital are the same as those used in Munnell (1990) ; a full description of the data are included in Appendix A of that paper.
Briefly, Munnell used annual data on state capital outlays to allocate BEA estimates of the national stock of public capital among the states. Her data set includes estimates of total public capital for each state as well as separate estimates of state stocks of highways and water and sewer facilities.
Since the Munnell data are available only for the period 1970-1986, our analysis is limited to those years. It is highly significant for our subsequent analysis that the differential grow rates of regional output were due almost entirely to the differential growth in inputs. Regional differences in the growth rates of It was also the case that the level of MFP in the various regions of the country were very similar at the beginning and end of our sample period.
It is also clear that the growth rates of capital per worker and output per worker were roughly the same in the Sun Belt and Snow Belt regions over this period. Our conclusions about MFP convergence during the years 1970-1986 can thus be extended to the convergence in output per worker due to capital-deepening. Our data would thus suggest a theory of regional economic growth that stressed the cross-sectional equality of productivity, prior to any econometric analysis.
This impression is reinforced by decomposing the total variation of MFP into variation across time within in regions and variation across regions.
Slightly less than one-half of the the variation in the level of MFP is due to cross sectional variation, with the balance due to variation over time.
For the growth rates of MFP, however, virtually all of the variation is variation over time, I.e. there is almost no variation in the growth rate of MFP across regions. Given the substantial differences In the growth rates of public capital stock in different regions, the lack of variation In the growth rate of Mfl' suggests that the two variables are essentially uncorrelated. by that time. Regional gross output data are not available prior to the mid-1960s, but regional value added data are available beginning in 1951.
In 
V. Econometric Results I: Hypothesis Tests of Competing Models
While the data shown in Tables I and 2 are suggestive, they do not constitute a formal test of the alternative hypotheses about regional growth.
An econometric test can, however, be obtained by estimating the parameters of the system of nine linear eqi.ations, each relating the natural logarithms of the level of regional Mn' to a constant, the natural log of private capital in the region, the natural log of public capital and time.
In other words, we implement the model (9) without any parameter restrictions across equations Moreover, since we use index number procedures to account direct inputs of capital and labor, we impose no restrictions on the form of F'('). Our paper 14 thus differs from much of the other econometric literature on regional growth, in which parameters are constrained to be equal across regions, except possibly for regional fixed effects. Indeed, one of our objectives Is the validity of the cross-regional parameter restrictions which we have to be tests of the alternative theories of growth discussed above. also equal (R3); and so on for R14r R23, R24, and R34. Only the boxes for R12 and R34 are shown in Figure 1 , for ease of exposition, but these are also the joint hypotheses of particular interest, since the restrictions of R12 imply identical regional paths for technical change and R34 imply that there are no endogenous growth effects linked to public or private capital.
The four boxes on the fourth line of Figure 1 
VI. Econometric Results II: Estimation of Restricted Models
The results presented in Table 3 are compared with a base-line assumption that all parameters, including the elasticities of MFP with respect to public and private capital, vary across regions.
In this section we approach the problem from a slightly different point of view by restricting the elasticities of public and private capital to be equal across regions. This is consistent with the recent literature on regional growth (e.g. , Holtz-Eakiri 1992, Garcia-Mila, McGulre, and Porter 1993 , Munnell 1990 , and Aschauer 1990 This shift in perspective make it easier to compare our results to other recent research. Moreover, because there are so many parameters in the unrestricted version of the models in the previous section, it is hard to estimate any particular parameter precisely and to interpret the resulting coefficients. Finally, restricting the elasticities to be eq.1al across regions is consistent with the data. As shown in Table 3 , we cannot reject the hypothesis that all of the elasticities with respect to public and private capital are equal to zero, and thus we certainly cannot reject the hypothesis that they are all equal to one another.
The results of this alternative approach are shown in Table 4 . The first column of Table 4 reports It is common in this literature to include a measure of capacity utilization in order to control for the cyclical effect of demand fluctuations on the Solow residual. Many, however, view this practice with some skepticism, As Berndt and Fuss (1986) and Hulten (1986) show, there Is rio theoretical Justification for Including capacity utilization in a productivity model since the effects of the business cycle should be reflected in the output elasticity of private capital. Capacity utilization is particularly problematical in regional studies since regional capacity utilization measures are not available.
Setting these concerns aside for the moment, column (5) in Table 4 adds the Federal Reserve Board's national capacity utilization data for manufacturin.g to the model in column (1). As shown In column (5), when we add capacity utilization the picture does not change very much, though the error sum of squares does fall significantly.
Regional fixed effects are introduced In column (2) by allowing for separate regional intercepts (New England is taken as the base region). As in previous studies, the addition of these regional fixed effects causes the public capital variable to become statistically insignificant (and negative as well). The same is true for private capital, implying constant returns to scale. Five of the regional intercepts are significant at conventional levels, and the rest are marginally significant at low levels. Adding capacity utilization does not change this picture, except to reduce the sum of squared errors and Improve the significance of the regional intercepts.
Column (3) allows for regional time effects while holding the intercepts the same for all regions (I.e., we impose a common level of MFP at the outset to see if the times paths of HFP diverge). We find that this yields a larger estimate of the public capital coefficient than the base case of column (1), and that it implies strongly decreasing returns to scale. Half of the regional time effects are significant. As before, adding capacity utilization does not change the results,
The last step taken In Table 4 Is to go beyond the fixed effects model and allow both the Intercepts and time coefficients to vary across regions.
The results, shown in column (4), are consistent with the fixed effects model of column (2): the public and private capital variables are insignificant, half of the intercept dummy variables are significant, and none of the regional time dummies are significant. However, the addition of the capacity utilization variable does make a difference. When It is included, the public capital coefficient is significantly negative, Implying that public capital externalities reduce KFP with an elasticity of -.24. This is a highly implausible result, and it casts doubt on the usefulness of using an aggregate capacity utilization adjustment.
How do the results of Table 4 on the public and private capital parameters only restrict them to be equal, and not to be equal to zero as in Table 3 . Moreover, Table 3 considers a wider range of parameter restrictions (i.e.. on the time variable). However, with these differences in mind, it is clear that the proceeding up the hypothesis tree In Figure 1 using Table 4 F-statistics produces similar conclusions about the models that the data wants to reject (i.e., some difference in initial levels, no difference in the growth rates of MFP, and no effect of public capital).
We note, finally, that we tested several variants of the our models.
Following Fernald (1992), we carried out an analysis of (9) using deviations from time trend rather than the log-level of variables in order to control for demand fluctuations and to reduce any simultaneous equation bias resulting from the endogenelty of K and B. The results of this exercise were similar to the results obtained using the capacity utilization variable.
We also tested the assumption of perfect Competition using a Hall (1988) and this coefficient will be positive.
Estimates of different versions of this Hall model are shown in Table 5 .
In those specifications where we include capacity utilization variable, our estimate of (i -1) is always positive and significant; in those specifications where we exclude capacity utilization variable, our estimate of (.z -1) Is always Insignificant. Estimates of all of the other parameters In We also find that manufacturing is subject to constant returns to scale at the regional level. This result suggests that agglomeration economies may play only a limited role in regional economic growth.
Our findings suggest that manufacturing industry was open to flows of capital, labor, and technology, and this is more congenial to the traditional equilibrium approach to location theory than to the other two models which are imported from international growth analysis. The main engine of differential regional manufacturing growth over the period 1970-86 seems to be inter-regional flows of capital and labor, while the growth of multifactor productivity Is essentially uniform across regions (although there appears to be some variation In the initial levels of efficiency).
Several aspects of our results deserve emphasis in this summing up.
First, the statistical results reported above refer to a relatively short, and recent, time period: 1970-86. It may well be the case that technological convergence and public capital externalities were important in an earlier stage of U.S. regional development. However, our estimates of a limited version of our model for the period 1951-86 (which by necessity could not consider public capital and relied on value added rather than gross output) yielded virtually the same results. Second. it cannot be emphasized too strongly that we have assumed that the Law of One Price holds. If there is significant regional variation in the deflators used to estimate real output, our results could be dramatically altered.
Third, our finding that public capital externalities were not an important source of regional manufacturing growth does not mean that public capital formation is irrelevant. It may well have played an essential role In facilitating the movement of capital, labor, and intermediate inputs which we find are the main sources of differential regional growth. Furthermore, because the impact of lumpy infrastructure projects like the Interstate Highway System may be highly non-linear, there may be extended periods during which the average product of public capital Is high but Its marginal product Is almost zero. But, even with these caveats, our results are relevant for the question of whether undetected externalities might thus have led governments to supply too little public capital In recent years. We find no evidence of under-supply in the regional manufacturing data.
Notes 1
As noted by Baumol (1986), the convergence hypothesis has a long tradition and an extensive literature. Recent contributions include Dollar and Wolff (1988 ), De Long (1988 ), Bauinol et. al. (1989 , Barro (1991) , and ?lankiw, Romer and Well (1990) .
2
The endogenous growth model was developed by Romer (1986) , Lucas (1988) , and Rebelo (1991) . The survey by Sala-i-Martin (1990a , 1990b provides an extensive description of the main variants of the endogenous growth model and their relation to optimal growth theory.
Our focus on regional manufactur1n industry Is motivated in part by the importance on manufacturing in the regional model developed by Krugman (1991) . and also by the fact that data on inputs and output are better for this sector of the economy. However, the narrower industrial focus of this paper means that our results are not strictly comparable to those based on broader measures of regional output such as total private gross state product.
This specification of the public capital externality assumes that the only source of spillovers in each region is the quantity of public capital within that region. This reflects the assumption that the highway system of one region gives rise to positive spillovers, but the highways of an adjacent region have no effect at all. This is consistent with our interpretation of the region specific externalities as an engine of regionally endogenous growth. However, It is also possible that public capital externalities affect all regions, in which case the relevant argument of A[1 would be total public capital, Bt = or a vector of the public capital in all regions.
It should be noted that the literature on convergence theory has two distinct branches: the one described above and another in which convergence takes place as a country or region moves to Its steady-state rate of growth by capital deepening. When the production function has the form = kt. the convergence equation is given by an equation similar to (2):
where ' = (1-a)i is the speed of convergence parameter (Holtz-Eakln (1991), following Mankiw, Romer, and Well (1990) ). With labor-augmenting technical progress at a rate A, the steady state values of output and capital per "raw" worker will grow at the rate of technical change, and the speed of convergence parameter becomes i (1-a)(T1+A). This is the approach taken by Barro and Sala-l-Martin (1991) and Holtz-Eakin (1991) , and both studies find a convergence effect within the regions of the U.S. In this Interpretation, the older industrial regions of the U.S. experienced slower growth than the South and West because the older regions were further along in the convergence process and closer to their balanced growth paths. This interpretation has been challenged by Blanchard (1991) , who demonstrates that the convergence equation (2' ) can be derived from the spatial equilibrium model and shows that the convergence parameter of their estimating equation can equally be Interpreted as a demand elasticity. We will not attempt an econometric test of (2' ) in this paper, but will comment on Its applicability In our section on regional data. This mode of analysis, also termed sources of growth analysis." was developed by Solow (1957) , Kendrick (1961 ), Denlson (1962 . and Jorgenson and Grlliches (1967) . It is the conceptual basis of the recent studies by the U.S. Bureau of Labor Statistics (1983) and Jorgenson, Gollop, and Frauineril (1987) , and is the framework used in our 1984 and 1991 studies of regional economic growth, The sources of growth analysis has, for the most part. Ignored the role of public capital as a source of output growth. 8 All growth rates are the continuous growth rates of the level Solow index numbers.
The constancy of these parameters imposes restrictions on the underlying technical efficiency function in (1):
if, for example, the elasticity of scale is constant at c, the production function is homogeneous of degree c. Note, however, that the multiplicative restrictions on the form of the efficiency function does not Impose restrictions on the rest of the technology, F('). In particular, they do not imply that the production function has the Cobb-Douglas form.
10 An econometric problem that arises when estimating (9) using ordinary least squares should be noted. Private capital (and possibly public capital as well), are endogenously determined and thus may be correlated with the error term in the regression. Instrumental variables might be used to avoid simultaneous equations bias, but a set of valid regional instruments is hard to find.
If the Law of One Price does not hold for manufactured goods within the U.S. market and there is in fact regional variation in output prices, our assumption of one price will overstate real output in those regions where prices are higher than average. This, in turn, overstates the level index of the Solow residual.
If, in addition, the regional output prices are changing relative to the average, a bias is introduced into the growth rate of the Solow residual as well. 13 i a 5 percent level of significance is used In the tests of first level of hypotheses .. . 
